Background: Vitamin D (25(OH)D) deficiency has been implicated as a possible risk factor for asthma development, but studies at selected time points measuring 25(OH)D levels during childhood have yielded conflicting findings. Prospective studies tracking 25(OH)D levels during the initiation phase of asthma in early childhood have not been reported. Objective: We sought to elucidate relationships between 25(OH)D levels from birth to age 10 years and susceptibility to allergic sensitization, respiratory tract infections, and asthma. Methods: Asthma-, allergy-, and respiratory tract infection-associated phenotypes (including pathogen identification) were characterized in a high-risk birth cohort. Plasma 25(OH)D concentrations were quantified at birth and at clinical follow-ups at the ages of 0.5, 1, 2, 3, 4, 5, and 10 years, and relationships with clinical outcomes were examined.
Results: Cross-sectional analyses demonstrated inverse associations between 25(OH)D concentrations and the risk for concurrent sensitization at age 0.5, 2, and 3 years, and mixed-effects regression demonstrated inverse longitudinal associations of 25(OH)D levels with both sensitization and eczema. Multivariate regression modeling suggested that the number of 25(OH)D-deficient follow-ups was positively associated with risk for asthma/wheeze, eczema, and sensitization at 10 years; adjustment for sensitization (particularly by 2 years) in the asthma/wheeze models reduced 25(OH)D associations with these latter outcomes. 25(OH)D levels were also inversely associated with early nasopharyngeal colonization with Streptococcus species and age of first febrile lower respiratory illness, both of which are known asthma risk factors. Conclusion: 25(OH)D deficiency in early childhood is associated with increased risk for persistent asthma, potentially through modulating susceptibility to early allergic sensitization, upper respiratory tract colonization with bacterial pathogens, or both. There is considerable interest in the role of vitamin D in asthma and allergy pathogenesis in light of its immune-modulating properties and its apparent role in lung development. 1, 2 The active form of vitamin D (1,25(OH) 2 D) controls expression of many genes in a tissue-specific manner, including within the immune system, 3, 4 and experimental models have demonstrated vitamin D-mediated boosting of protection against infection and promotion of immune tolerance against allergens. 5 Circulating 1, 6 Although it has been suggested that inadequate vitamin D might be a factor contributing to the surge in asthma rates over recent decades, 7 studies investigating the relationship between 25(OH)D levels and asthma or allergy risk have yielded conflicting results. 8, 9 Much of this contradiction can arise from genetic and environmental differences between study populations [10] [11] [12] [13] [14] [15] [16] and the use of nonstandardized methods for assaying 25(OH)D. 17, 18 In addition, it is unknown whether the requirement of vitamin D for normal immune and respiratory development varies with age; therefore it is difficult to compare studies with single 25(OH)D measures taken at differing ages.
We hypothesized that inadequate vitamin D levels during early childhood promotes development of asthma by increasing susceptibility to 2 major asthma risk factors: allergic sensitization and severe respiratory tract infection. We looked for relevant associations within the well-characterized Childhood Asthma Study (CAS) cohort of children at high risk of asthma and allergy, which has been followed from birth to age 10 years. 19, 20 Previous examination of this cohort has shown that sensitization to inhaled allergens by age 2 years and severe lower respiratory tract infections (sLRIs) independently and (particularly) in combination increased the risk of persistent wheeze and asthma development by 5 and 10 years. 20, 21 We assayed 25(OH)D concentrations in plasma samples that were archived during 8 age-designated CAS cohort follow-ups from birth to age 10 years. We then examined whether 25(OH)D concentration level was associated with risk for asthma and related conditions, allergic sensitization, or type/timing/ frequency/severity of respiratory tract infections. Included among the latter was early postnatal colonization of the upper respiratory tract with known bacterial pathogens exemplified by Streptococcus species, which we have previously demonstrated to increase the risk for asthma development in this cohort. 22 
METHODS

Study population and sample collection
The CAS cohort was recruited prenatally, selecting 263 children with at least 1 parent with a doctor-diagnosed history of asthma, hay fever, or eczema 19 ; 198 children participated up to age 5 years, and 147 children participated up to age 10 years. Parents kept a daily symptom diary, and observation of respiratory tract infection symptoms up to age 5 years initiated a home visit by the study physician for verification and nasopharyngeal aspirate (NPA) collection; additional NPAs were collected at ''healthy'' visits at around 2 and 6 months. Detailed viral and bacterial profiling of NPAs was undertaken by using PCR and 16S rRNA gene deep sequencing, as recently reported. 22 Plasma was collected at birth (cord) and scheduled follow-ups at ages 6 months and 1, 2, 3, 4, 5, and 10 years and stored at 2208C.
Clinical phenotyping
Respiratory (both wheeze-and infection-associated) and atopy-associated phenotypes were defined as previously described [19] [20] [21] and detailed in the Methods section in this article's Online Repository at www.jacionline.org. Titers of total and specific IgE to a panel of allergens relevant to the study location were measured from plasma archived from ''healthy'' follow-ups by using ImmunoCAP (Phadia AB, Uppsala, Sweden; see the Methods section in this article's Online Repository).
25(OH)D measurement
Plasma 25(OH)D concentrations were measured using a modified liquid chromatography tandem mass spectrometry method 23 
Statistical analyses
Statistical analyses were performed with SPSS 22/23 (IBM, Armonk, NY), STATA 13 (StataCorp, College Stations, Tex), and R software, as detailed in the Methods section in this article's Online Repository. Deseasonalized 25(OH)D concentrations were calculated by using a sinusoidal model (see the Methods section in this article's Online Repository). 25 In addition to examining continuous 25(OH)D concentrations, we used commonly accepted cutoffs to define 25(OH)D status categories for statistical analyses: deficient was defined as less than 50 nmol/L, insufficient was defined as 50 to 75 nmol/L, and sufficient was defined as greater than 75 nmol/L.
RESULTS
Tracking 25(OH)D levels from birth to age 10 years At birth, the majority of children had 25(OH)D concentrations of less than 50 nmol/L, which is commonly classified as vitamin D deficiency; this was substantially less prevalent at all later follow-ups. As expected from the literature relating sun exposure to 25(OH)D levels (including data on Australian children 26 ), there was seasonal variation in the prevalence of vitamin D deficiency (Fig 1, C-F) , which was most frequent in samples collected during winter (Fig 1, F) ; vitamin D insufficiency was common and showed similar seasonal variation. Deseasonalized 25(OH)D levels were calculated by using a sinusoidal model incorporating collection month to adjust for this variation and to allow comparison of participants bled in different seasons. 25 Fig 1, G, shows vitamin D status calculated from deseasonalized 25(OH)D for all participants with data. After the preponderance of 25(OH)D deficiency at birth, the majority of participants had 25(OH)D concentrations indicative of insufficiency between the ages of 6 months and 4 years, whereas the majority would be considered vitamin D sufficient at the ages of 5 and 10 years. The overall intraclass correlation coefficient of deseasonalized 25(OH)D for all follow-ups, adjusted for age because of the changes over time and excluding cord plasma measurement, was 0.31 (95% CI, 0.26-0.37), demonstrating marked variability within subjects. There were 80 participants with 25(OH)D data for all 8 follow-ups (Fig 1, H) , and the percentage of children with sufficient 25(OH)D at each age in this subset closely resembles that seen for all participants (Fig 1, G) .
Cross-sectional associations between 25(OH)D levels and atopy/asthma-related phenotypes at different ages from 6 months to 10 years (Fig 2, A) , current asthma (Fig 2, B) , any current sensitization (Fig 2, C) , and current eczema (Fig 2, D) at all follow-ups at which they were assessed. Before age 5 years, the majority of participants with positive results for any of these conditions had insufficient or deficient vitamin D, as determined based on deseasonalized 25(OH)D concentration, but this was largely reversed at ages 5 and 10 years; this is in keeping with the low rates of vitamin D sufficiency seen up to age 4 years in contrast to those at ages 5 and 10 years. We examined whether the prevalence of atopy/asthma-related conditions differed significantly between vitamin D status subgroups at each follow-up using the x 2 test (confirmed with the Fisher exact test when case numbers were small; data not shown). These analyses (see Table E1 in this article's Online Repository at www.jacionline.org) showed no relationship between current deseasonalized vitamin D status and current wheeze, asthma, or eczema except at age 10 years; vitamin D-deficient children showed an increased prevalence of asthma at age 10 years, but the reliability of this observation is doubtful given the small case numbers. In contrast, sensitization was more prevalent among vitamin D-deficient children than within vitamin D-sufficient or vitamin D-insufficient groups at ages 6 months and 2 and 3 years (Table I ). This finding was confirmed by using logistic regression modeling with adjustment for potential confounders (Fig 2, E) , which demonstrated a consistent inverse relationship between 25(OH)D concentration at these ages and concurrent sensitization risk. At age 2 years, this equated to an approximately 50% decrease in sensitization risk with every 10 nmol/L increase in 25(OH)D concentration. There was no association between deseasonalized 25(OH)D concentration at follow-up and risk for current wheeze, asthma, or eczema in multivariate models, except for a significant inverse association between deseasonalized 25(OH)D concentration and current wheeze at age 10 years (25/117 children had current wheeze; odds ratio [OR], 0.96; 95% CI, 0.93-0.99; P 5 .025).
Because sensitization was assessed from the same bleed used for 25(OH)D measurement, it is logical to also use nondeseasonalized 25(OH)D in this analysis, and multivariate regression using this variable (see Fig E1 in this article's Online Repository at www.jacionline.org) yielded results almost identical to those obtained by using deseasonalized data.
Longitudinal associations between 25(OH)D levels and clinical conditions during childhood: Mixed-effects logistic regression modeling
The relationship between deseasonalized 25(OH)D levels and development of asthma and other conditions was examined by using mixed-effects logistic regression, which provides a measure of the effects of vitamin D deficiency across the entire time course of the study. Models were constructed by using random intercepts for each subject and with fixed effects for age, sex, and deseasonalized 25(OH)D concentration. The results are presented in terms of a 20 nmol/L change in deseasonalized 25(OH)D concentration to enable easier interpretation of effects (approximately 1 SD, Fig 3) . 25(OH)D concentrations were significantly inversely associated with risk for sensitization and eczema from 6 months to 10 years. Asthma status was not defined in this cohort before age 3 years, and there was no longitudinal association between 25(OH)D concentrations and asthma over the 4 follow-ups from 3 to 10 years. There was also no longitudinal association between 25(OH)D concentrations and wheeze, which was assessed in follow-ups from age 1 to 10 years. . Data for current wheeze at 6 months were only available for the 86 infants who experienced an LRI by age 6 months. E, Multivariate logistic regression was performed using continuous deseasonalized 25(OH)D concentration at each follow-up for the outcome of any current sensitization at the same follow-up. Covariates were included in the model to adjust for sex, month of follow-up/blood collection, cesarian birth, birth weight, breast-feeding for less than 3 months, antenatal and/or childhood smoke exposure, childcare attendance, and living with older children by follow-up age. Only subjects with data for all covariates were included in the multivariate model for each age, and participant numbers are shown in parentheses (any current sensitization/total). *P < .05 and ***P < .005.
J ALLERGY CLIN IMMUNOL VOLUME 139, NUMBER 2 To determine whether the negative associations between 25(OH)D concentrations and sensitization up to age 10 years extended to the degree of allergen sensitization, we performed mixed-effects linear regression looking at 2 outcomes: the number of allergens to which each child was sensitized and the sum of the specific IgE titers. We followed the same strategy used with the binary outcomes, with coefficients calculated as the change in response per 20 Associations between longitudinal 25(OH)D deficiency profiles and atopy/asthma-related conditions: Logistic regression modeling using a 25(OH)D summary variable
The approach above used all 25(OH)D observations from the cohort, including those from subjects with incomplete data, and although adjusting for differences in prevalence of each condition at each age, the estimated effects are necessarily weighted toward the earlier years, for which there are more data. As an alternative, we focused exclusively on subjects with complete data from all follow-ups, using multivariate regression to assess the effects of measures of the time course of vitamin D on subsequent outcomes. Eighty members of the cohort had 25(OH)D data from all 8 follow-ups, and a significant proportion of these displayed (deseasonalized) concentrations in the deficient zone during the study, particularly before age 3 years (Fig 4, A) . We examined whether the number of follow-ups at which individual children were vitamin D deficient was associated with their risk for expression of atopy/asthma-related phenotypes using logistic regression, with adjustment for potential confounders (Fig 4, B) . The total number of vitamin D2deficient follow-ups per child was positively associated with risk for virtually all the phenotypes of interest. The effect size was strongest for sensitization risk at age 10 years (odds increased approximately 2.5-fold with each additional vitamin D2deficient follow-up), followed by asthma and wheeze. We have also previously identified early sensitization (by age 2 years) as a significant risk factor for asthma/wheeze at age 10 years, 20 and given the findings in Fig 2, E, linking vitamin D deficiency at 2 years with risk for concurrent sensitization, we next included age-specific sensitization status as a covariate in regression models. As shown in Fig 4, C, ' 'number of deficient follow-ups to age 10 years'' remained significantly inversely associated with asthma and wheeze at 10 years when models were adjusted for sensitization from age 10 years down to 3 years but with progressive reduction in effect size; these relationships were no longer significant at a P value of less than .05 when sensitization at age 2 years was added to the model. Similar analyses were conducted investigating children with full data to younger ages. Fig E2 in this article' s Online Repository at www.jacionline.org depicts the frequency of 25(OH)D-deficient follow-ups among the children with full data to age 5 years. Although multivariate regression demonstrated trends similar to some associations seen at age 10 years, these did not reach significance at 5 years (see Fig E2,  B) . Equivalent analyses for outcomes at younger ages (see Fig  E2, C-F) showed significant inverse relationships between number of deficient follow-ups and risk for sensitization at 2 and 3 years.
To specifically examine the predictive value of 25(OH)D measurement at birth, we used multivariate logistic regression to examine whether cord vitamin D levels (continuous concentration or quintiles) were related to clinical outcomes at age 5 or 10 years; no significant associations were identified.
25(OH)D levels and respiratory tract infections up to age 5 years
Up to age 5 years, all respiratory tract infections of CAS participants were recorded, and the severity of each episode was assessed by the same study physician. Using these data, we examined for each sampling time whether current 25(OH)D status was related to the incidence or severity of respiratory tract infections experienced during the ensuing period preceding the next follow-up. As shown in Table II , we detected no such associations for the total number of acute respiratory tract infections (ARIs) experienced, the proportion of these that spread to the lower respiratory tract, the total number of lower respiratory tract infections (LRIs), or the number with severe LRI (sLRI) symptoms during the relevant observation periods. Fig E3 in this article's Online Repository at www.jacionline.org shows the infection measures described in Table II plotted against continuous deseasonalized 25(OH)D concentration at follow-up for all available cases. There were no significant correlations between deseasonalized 25(OH)D concentration and measures of respiratory tract infection incidence or progression/severity (all P > .05, Spearman correlation; see Fig E3) .
We next examined whether repeated periods of 25(OH)D deficiency were associated with susceptibility to respiratory tract infections (see Fig E4 in this article' s Online Repository at www.jacionline.org). The total number of respiratory tract infections experienced by age 5 years was not related to the number of follow-ups between birth and 5 years at which participants had deseasonalized 25(OH)D concentrations of less than 50 nmol/L (P > .05, Kruskal-Wallis rank test; see Fig E4,  A) . Similarly, the number of follow-ups showing 25(OH)D deficiency by age 5 years was not associated with total LRIs, total sLRIs, percentage of ARIs that were LRIs, or percentage of LRIs that were severe (see Fig E4, B-E) or with the type of viral pathogens involved (data not shown).
25(OH)D levels and the nasopharyngeal microbiome in the year after birth
Recently, we have reported prospective characterization of the nasopharyngeal microbiome of CAS cohort subjects across the first year of life using 16S sequencing of DNA from NPAs collected during healthy periods and during ARIs. 22 We identified discrete bacterial communities characteristic of healthy periods versus episodic viral infections dominated, respectively, by a limited range of bacterial genera with known commensal or pathogenic properties; moreover, detection of the latter with or B, Multivariate logistic regression (enter model) was used to determine whether ''number of deficient follow-ups to age 10 years'' was associated with clinical outcomes at age 10 years; the proportion of these participants with each outcome is shown in parentheses. Only participants with 25(OH)D concentrations for all follow-ups were included, and covariates were included to adjust for sex, month of birth, cesarian birth, birth weight, breast-feeding for less than 3 months, antenatal and/or childhood smoke exposure, childcare attendance, and living with older children by age 5 years. C, A binary variable describing any sensitization at follow-up was added to logistic regression models (enter) for the 10-year outcomes of asthma or wheeze. Number of sensitized children is shown in parentheses. Models included ''number of deficient follow-ups to age 10 years'' plus covariates to adjust for sex, month of birth, cesarian birth, birth weight, and antenatal/childhood smoke exposure. *P < .05, **P < .01, and ***P < .005.
without codetection of viral pathogens, such as respiratory syncytial virus or human rhinovirus, was associated with increased risk for intensification and spread of infection to the lower airways. 22 Of particular interest in this context was the genus Streptococcus, the presence of which during healthy periods in early infancy was associated with increased risk for early onset of an ensuing sLRI. 22 Using these data, we first asked whether 25(OH)D status during the first year of life was associated with variations in patterns of nasopharyngeal bacterial colonization. The significant findings from these analyses related to early colonization with Streptococcus species. As shown in Fig 5, the abundance of Streptococcus species in NPAs collected during healthy periods between postnatal days 150 and 210 was significantly higher in subjects who were 25(OH)D deficient at the 6-month follow-up; this relationship was not seen with aspirates collected later in year 1 (data not shown). In addition, Fig 6 and 
DISCUSSION
This study focused on a rigorously characterized birth cohort at high genetic risk of asthma and allergy. 19, 20 A unique feature of the study was the intensity of prospective monitoring of the infection status of cohort members over the first 5 years of life; this included physician and laboratory assessment of subjects during all reported episodes of upper and lower respiratory symptoms during that period interspersed with regular ''healthy child'' follow-ups throughout. NPAs, swabs, or both were collected for viral PCR and subsequently 16S rRNA sequencing for characterization of bacterial communities present at both ''healthy'' and respiratory symptom2triggered assessments. Plasma samples collected during the 8 ''healthy'' follow-ups have been used here for prospective monitoring of circulating 25(OH)D levels. The resultant data set enabled us to investigate links between vitamin D status and the triad of respiratory tract infections, allergic sensitization, and subsequent asthma development in greater depth than has been possible in earlier published studies.
Of particular interest was the nature of the relationships between these factors during infancy and the ensuing preschool years. This period has been identified as a temporal window of high risk for initiation of potentially persistent asthma, and several risk factors have been identified that are operative during this period. Paramount among these are early aeroallergen 27 and early viral LRIs, [27] [28] [29] in particular when these environmental exposures occur concomitantly. 21, 30, 31 The ensuing pathway to asthma development remains incompletely understood, but it is hypothesized that cumulative airway tissue damage resulting from interactions between inflammatory mechanisms triggered by repeated cycles of exposure to these agents perturbs the normal maturation of respiratory function in susceptible children, resulting eventually in expression of the persistent asthma phenotype. 32, 33 Our present findings suggest that vitamin D deficiency during the first few years after birth might be one of the determinants of risk for the expression of current wheeze, asthma, or both in conjunction with atopy at 10 years. This mirrors our earlier findings in a larger Australian community cohort linking vitamin D deficiency at age 6 years with subsequent sensitization and wheeze at age 14 years. 34 Of particular note in the present cohort study is that although risk in individual children for expression of wheezing symptoms at different follow-ups was not associated with concurrent vitamin D sufficiency status (Fig 2, A and B) , asthma/ wheeze at 10 years was linked to the number of preceding observations of deficiency, and this relationship was even stronger for current sensitization (Fig 4, B) . Moreover, sensitization at younger ages (particularly 2 years) was also linked cross-sectionally with low vitamin D concentrations (Fig 2, E) .
In light of these observations and our previous findings in this cohort suggesting that early sensitization by 2 years enhanced susceptibility to the asthma-promoting effects of severe LRIs, 19, 20 we next adjusted for the effects of sensitization on the relationship between vitamin D status and asthma/wheeze. As shown in Fig 4, C, adjusting for sensitization at specific ages reduced the strength of the association between vitamin D deficiency and asthma/wheeze at 10 years, and this was strongest for sensitization by 2 years. This suggests that the relationship between transient vitamin D deficiency during the preschool period and risk for subsequent asthma development might be secondary to the effects of vitamin D on susceptibility to early sensitization.
Symptoms of wheeze have traditionally been taken as the hallmark of early postnatal infections that are most strongly associated with promotion of asthma development 35 ; however, more recent findings from the CAS cohort suggest that LRIs accompanied by febrile responses indicative of inflammasome activation might be even more potent risk factors, particularly in children with concomitant early sensitization. 19, 20 Fever in this context suggests the likely underlying involvement of bacterial pathogens in this category of asthma-promoting LRIs, and in this regard it is noteworthy that other studies have reported positive associations between early postnatal nasopharyngeal colonization of infants with bacterial pathogens exemplified by Streptococcus species and risk for subsequent asthma. 36 In CAS infants the presence of bacterial pathogens in the nasopharyngeal microbiome at the time of upper respiratory tract infection, with or without a confirmed viral agent, was associated with increased likelihood of infection spread to the lower airways and the development of accompanying febrile symptoms, and these in turn were associated with enhanced risk for progression to asthma. 22 Moreover, age of colonization with Streptococcus species was inversely related to age to first recorded febrile LRI, which was in turn associated with increased risk for asthma development, particularly in CAS subjects who also experienced early atopic sensitization. 22 In this regard it is noteworthy that vitamin D deficiency during infancy was also associated with both early nasopharyngeal colonization with Streptococcus species (Fig 5) and earlier onset of febrile LRIs (Fig 6) , and this relationship might also be secondary to the effects of vitamin D on atopy-associated mechanisms.
The results presented above suggest that vitamin D deficiency in CAS cohort subjects might operate in the asthma causal pathway at several different levels. With respect to atopy-associated mechanisms, experimental data suggest that the maintenance of tolerance to aeroallergens is dependent on the interlinked activities of dendritic cells and regulatory T cells, both of which appear to be susceptible to boosting by 1,25(OH) 2 D. [37] [38] [39] Likewise, experimental data suggest a potential role for 1,25(OH) 2 D in regulation of the immune response to respiratory infections. 40 Candidate mechanisms for infectious disease-associated vitamin D effects include stimulation of production of antimicrobial peptides as a first line of defence, 41 boosting additional innate and adaptive antimicrobial responses, 40 and downregulation of activated T cells after resolution of infection to mitigate host tissue damage. 42, 43 The degree to which these mechanisms are susceptible to vitamin D deficiency in human subjects remains to be formally established; however, our current findings point to infancy-preschool as a life period during which such risk is likely to be maximal.
Our study had several limitations, in particular the fact that CAS is a high-risk cohort and not representative of the community at large. Second, the number of participants with vitamin D data for all 8 follow-ups was relatively small. Consequently, we had inadequate power to reliably characterize sex-specific associations, although we adjusted for sex in our multivariate analyses. We found in a previous examination of more than 1000 children in an unselected cohort that boys appear to be more susceptible to limiting vitamin D than girls with respect to asthma risk. 34 Additionally, there was only a single measurement per year, with a large gap between the 5-and 10-year measurements. Finally, we do not have extensive longitudinal measures of lung function or airways remodeling and thus were unable to examine the links between vitamin D status and these important components of airways disease that have been suggested by other studies. 2, 16, 44, 45 We thank participants of the CAS cohort and their families, Danny Mok and Niamh Troy for isolation and amplification of bacterial 16S rRNA from NPAs, and Michael Clarke from Metabolomics Australia.
Key messages
d Repeated periods of vitamin D deficiency in the first decade of life in high-risk children are associated with increased risk of asthma, eczema, and allergic sensitization that persists to age 10 years.
d One mechanism by which vitamin D deficiency can drive asthma development is by promoting early allergic sensitization, a known proasthmatic factor in high-risk children. We have observed an inverse relationship between 25(OH)D concentration and concurrent sensitization across the first decade of life, which was most pronounced during infancy.
d Vitamin D deficiency is also associated with early postnatal colonization of the airways by pathogenic bacteria, which has been recently identified as a risk factor for subsequent asthma development.
METHODS
Clinical phenotyping
Asthma and allergic disease phenotypes. Wheeze was defined as a high-pitched whistling sound heard coming from the chest on expiration.
Current wheeze (from age 1 year) was defined as wheeze in the last 12 months at follow-up.
Current asthma (from age 3 years) was defined as wheeze in the last 12 months in children who had ever been given a diagnosis of asthma by a doctor.
Current medicated asthma (from age 3 years) was defined as wheeze plus asthma medication use in the last 12 months in children who had ever been given a diagnosis of asthma by a doctor.
Current eczema was defined as the presence of eczema in the last 12 months.
Infection-associated phenotypes. Throughout the first 5 years of the CAS study, parents maintained a diary of their children's acute respiratory symptoms. If these included runny/blocked nose, cough, or wheeze or the presence of fever (temperature >388C), the study center was contacted within 24 hours, triggering a visit from the study doctor, who assessed the child and collected aspirate or swab samples for identification of viral and/or bacterial pathogens. E1,E2 Follow-up telephone calls were made by study personnel to the family every 2 weeks until the ARI was resolved. The study doctor used information collected from the telephone contacts and the diary cards in conjunction with that collected during clinical examination to classify ARI episodes as follows.
Upper respiratory tract infections were defined as any episode of runny/ blocked nose or cough in the absence of other respiratory symptoms (no tachypnea, difficulty breathing, wheeze, or rattly chest).
LRIs were defined as episodes associated with wheeze or rattly chest, evidence of respiratory distress, or both. Subsequent PCR and 16S sequencing studies in the cohort have detected pathogens in the majority of aspirate samples collected at the time of assessment.
Rattle/rattly chest was defined as moist, wet, noisy breath sounds from the child's chest.
sLRIs were defined as LRIs with wheeze and/or fever. Febrile lower respiratory infection was defined as an LRI with fever. Wheezing lower respiratory infection was defined as an LRI with wheeze.
IgE measurement. Specific IgE titers were measured at all follow-ups to the following allergens: house dust mite (Dermatophagoides pteronyssinus), rye grass pollen (Lolium perenne), cat, couch grass (Cynodon dactylon), mold mix (Penicillium notatum, Cladosporium herbarum, Aspergillus fumigatus, Candida albicans, Alternaria alternata, and Helminthosporium halodes), and peanut; food mix (egg white, milk, fish, wheat, peanut, and soybean) was added to the panel at ages 5 and 10 years. Participants were defined as having allergic sensitization at a follow-up if they had any specific IgE titers of 0.35 kU/L or greater at that follow-up.
25(OH)D deseasonalization
The deseasonalization method we used was described in a publication by van der Mei et al E3 and has been used by us previously. E4 Within each followup, a sinusoidal model taking into account month of sample collection was fitted to the data and used to calculate predicted 25 Covariates were included in the model to adjust for sex, month of follow-up/blood collection, cesarean birth, birth weight, breast-feeding for less than 3 months, antenatal and/or childhood smoke exposure, childcare attendance, and living with older children by follow-up age. Only participants with data for all covariates were included in the multivariate model for each age; the proportion of these with current sensitization is shown in parentheses. *P < .05 and ***P < .005. Covariates were included to adjust for sex, month of birth, cesarean birth, birth weight, breast-feeding for less than 3 months, antenatal and/or childhood smoke exposure, childcare attendance and living with older children by age of follow-up. *P < .05 and ***P < .005. DS-25(OH)D, Deseasonalized plasma 25(OH)D. *The prevalence of clinical outcomes at follow-up was compared between participants stratified by 25(OH)D levels at the same follow-up by using x 2 analysis, and where P values were less than .05, this was followed by pairwise comparisons. Groups that differed significantly after adjusting for multiple comparison are denoted by differing letters (eg, a vs a 5 statistically similar; a vs b 5 statistically different).
